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True to the motto ‘the comprehensive approach’, Sandoz Oncology Injectables (former EBEWE) always strives to support
the whole oncology profession, including both oncology pharmacists and haemato-oncologists.

One of the major initiatives is the International Oncology Meeting, which is organised every year in Salzburg, Austria, always
focusing on a different special topic of interest. The 2011 meeting was organised in collaboration with the International
Society of Oncology Pharmacy Practitioners.

Safe and user-friendly product presentations are very important especially for cytotoxic drugs. Cytotoxic agents are
valuable substances in anticancer treatment, but have also hazardous potential for the people involved in the production,
preparation and use of these substances. The overall topic for the meeting was hence set as ‘Dimensions of Safety
Considerations in Oncology Pharmacy Practice’. The panel of speakers included renowned pharmacists from Australia,
Belgium, Canada, Japan, The Netherlands Singapore, UK, and USA. The presentations covered a wide range of topics,
shedding light on all the different aspects of the safety topic.

Over 200 pharmacists from 44 nations participated in this very interesting meeting, which was combined with site tour
of the production facility located in Unterach am Attersee, Austria.



Special Edition « Fall 2011

SAFETY CONSIDERATIONS IN[e]\[ele] Kolcha ] V:\z1"V:Yo3 §

For personal use only. Not to be reproduced without permission of the publisher (copyright@ppme.eu).

Contents

2 Promoting safety in the oncology pharmacy

3 Environmental contamination with cytostatic
drugs: past, present, future

6 Human factors: safety lessons for oncology
pharmacy practice

9 Cytotoxics preparation: reduction of
medication errors and enhancing capacity

Cover photo credits: courtesy of Sandoz Oncology Injectables

13 Should monoclonal antibodies and their con-
jugates be considered occupational hazards

17 Obtaining insurance coverage for the use of
closed systems in Japan

20 Common toxicities of oral anticancer agents:
an overview

24 Safe dispensing of oral chemotherapy

Authors:

Dr Paul JM Sessink, Rachel E White, Dr Anthony C Easty, Sarah Mahmoud,
David Leonard, Professor Ann Jacklin, Dr Thomas H Connor, Barbara A
MacKenzie, Dr Shin-ichi Sugiura, Mika Asano, Dr Hiroshi Gohma,

Dr Hirokazu Nakanishi, Dr Tohru Hashida, Dr Masahiro Okuda, Phebe Si,
Alexandre Chan, Robert McLauchlan

Editorial Office:

Postbus 10001, BE-2400 Mol, Belgium
Tel: +32 474989572 - Fax: +32 14 583048
info@ppme.eu - www.ppme.eu

Publisher:
Lasia Tang - Lasia.tang@ppme.eu

Senior Executive Editor:
Esra Kurt, PhD - editor@ppme.eu

Science Editor:
Neil Goodman, PhD - ng@ppme.eu

Production Assistant:
Rachel Mortishire-Smith - support@ppme.eu

Science Assistant:
Gaynor Ward - science@ppme.eu

® Pharma
P P M ® Publishing
® Media

EUROPE

Published in Belgium by
Pharma Publishing & Media Europe

copyright@ppme.eu
www.ppme.eu

COPYRIGHT

© 2011 Pharma Publishing and Media Europe. All rights reserved. Materials
printed herein are covered by copyright, throughout the world and in all
languages. The reproduction, transmission or storage in any form or by any
means either mechanical or electronic, including subscription, photocopy-
ing, recording or through an information storage and retrieval system of
the whole, or parts of the, article in these publications is prohibited with-
out consent of the publisher. The publisher retains the right to republish all
contributions and submitted materials via the Internet and other media.

Individuals may make single photocopies for personal non-commercial
use without obtaining prior permission. Non-profit institutions such as
hospitals are generally permitted to make copies of articles for research
or teaching activities (including multiple copies for classrooms use) at no
charge, provided the institution obtains the prior consent from Pharma
Publishing and Media Europe. For more information contact the publisher.

DISCLAIMER

While the publisher and editor(s) have taken every care with regard to
accuracy of editorial and advertisement contributions, they cannot be held
responsible or in any way liable for any errors, omissions or inaccuracies
contained therein or for any consequences arising therefrom.

Statements and opinions expressed in the articles and communications
herein are those of the author(s) and do not necessarily reflect the views
of the publisher and editor(s).

Neither the publisher nor the editor(s) guarantees,warrants, or endorses
any product or service advertised in this publication, nor do they guarantee
any claim made by the manufacturer of such product or service. Because of
rapid advances in the medical sciences, in particular, independent verifica-
tion of diagnoses and drug dosages should be made.



ST SR Ao\ 1017V R[0 1\ '] IN ONCOLOGY PHARMACY

EDITORIAL

For personal use only. Not to be reproduced without permission of the publisher (copyright@ppme.eu).

Promoting safety in the oncology pharmacy

elcome to this special

edition on Safety Con-

siderations in Oncology

Pharmacy. All person-

nel involved in the
handling and preparation of cytotoxic
oncology therapies are at risk from
contamination [1]. An awareness of the
dangers of these cytotoxic drugs, which
can include adverse effects such as can-
cer, foetal malformations, and foetal loss
during pregnancy, even at a low level of
exposure, must be at the forefront of
everyone’s mind [1]. This is true even
before the preparation of the medica-
tion begins, because several studies have
shown that contamination can already be
present on the external surfaces of drug
vials supplied directly from the pharma-
ceutical manufacturers to the hospital
pharmacy [2, 3].

Once these vials are opened, then all
surfaces within the working area may
become contaminated and, from here,
the cytotoxic contamination may spread
throughout the hospital and beyond
[4, 5.

Due to the enormous variety and
number of potential sources of cyto-
toxic contamination, a concerted effort
has been made over recent years to
combat this danger through educa-
tion and improved safety measures and
guidelines.

In this special edition, we have brought
together several experts in the field with
the aim of providing essential informa-
tion on the important safety issues that
need to be considered by the entire
oncology profession.

Dr Sessink relates an
interesting tool that
can be used to evaluate
preparation techniques
in hospital pharmacies
by measuring the level
of environmental cyto-
static drug contamina-
tion, see pages 3-5.

Ms White and Dr Easty
introduce how the prin-
ciples of psychology
and engineering can be
incorporated in order to
understand the complex
interactions between
personnel and the oncol-
ogy pharmacy, see pages
6-8. Ms Mahmoud et al.
describe, on pages 9-12,
how the increasing com-
plexity of chemotherapy
over the last decade has
increased the potential
for error, identifies sev-
eral of these errors, and
proposes which meas-
ures can be taken to pre-
vent them.

On pages 13-16, Dr Connor and Ms
MacKenzie discuss the toxic potential
that monoclonal antibodies may have in
the workplace. Dr Sugiura et al. describe
the steps taken by the Japanese Society
of Hospital Pharmacists to combat occu-
pational exposure, see pages 17-19.

Ms Si and Assistant Professor Chan eval-
uate the current recommendations for
the management of the most commonly
observed toxicities among patients using
oral anticancer agents, see pages 20-23.

Finally, on pages 24-26, Mr McLauchlan
describes specific safety measures that
have been implemented in order to opti-
mise both patient safety and care.

We hope that we succeed in our aim of this
special edition and, as always, welcome
your feedback and continued discussion.
Please feel free to share your thoughts
via email to editorial@ppme.eu.

References

1. NIOSH Alert: Preventing occupational
exposures to antineoplastic and other haz-
ardous drugs in healthcare settings. 2004.
U.S. Department of Health and Human
Services, Public Health Service, Centers
for Disease Control and Prevention,
National Institute for Occupational Safety
and Health, DHHS (NIOSH) Publication
No. 2004-165.

2. Mason HJ, Morton J, Garfitt SJ, et al. Cyto-
toxic drug contamination on the outside of
vials delivered to a hospital pharmacy. Ann
Occup Hyg. 2003;47:681-5.

3. Favier B, Gilles L, Ardiet C, et al. External
contamination of vials containing cytotoxic
agents supplied by pharmaceutical manu-
facturers. J Oncol Pharm Pract. 2003;9:
15-20.

4. Sessink PJM, Boer KA, Scheefhals APH,
et al. Occupational exposure to antine-
oplastic agents at several departments in a
hospital: environmental contamination and
excretion of cyclophosphamide and ifosfa-
mide in urine of exposed workers. Int Arch
Occup Environ Health. 1992;64:105-12.

5. Crauste-Manciet S, Sessink PJM, Ferrari S,
et al. Environmental contamination with
cytotoxic drugs in health care using posi-
tive air pressure isolators. Ann Occup Hyg.
2005;49:619-28.

www.ppme.eu




Special Edition ¢ Fall 2011

SAFETY CONSIDERATIONS IN[o]\[elo] Ko c) @ V.11l /-3 4

For personal use only. Not to be reproduced without permission of the publisher (copyright@ppme.eu).

Environmental contamination with
cytostatic drugs: past, present, future

Paul JM Sessink, PhD

Measuring environmental contamination with cytostatic drugs has become an interesting tool to evaluate
preparation techniques in hospital pharmacies. A preliminary model is presented here demonstrating that
environmental contamination lower than 0.1 ng/cm? is a safe reference value.

Introduction

Cytostatic drugs have been used for
many years in the treatment of cancer
and non-neoplastic diseases. However,
most cytostatic drugs are not selective
in action and healthy cells are also dam-
aged, which results in adverse health
effects [1]. For healthcare workers such
as pharmacists, pharmacy technicians,
nurses, and medical doctors involved
in the preparation and administra-
tion of these drugs, exposure may also
cause adverse effects such as cancer,
foetal malformations, and foetal loss
during pregnancy even at low exposure
levels [1].

To prevent exposure of healthcare work-
ers to cytostatic drugs, biological safety
cabinets and isolators have been installed,
preparation and administration rooms
are ventilated, devices and special mix-
ing techniques are applied, and personal
protective equipment (such as gloves,
gowns, goggles, and special clothing) is
used. All these precautions are well doc-
umented in guidelines and regulations
set up by national authorities and (inter)
national societies of healthcare profes-
sionals (pharmacist and nurses) and have
the aim of offering maximum protection
to the healthcare workers handling these
toxic drugs [2, 3].

Monitoring

The first studies to evaluate exposure of
healthcare workers to cytostatic drugs
were published circa 1980 [4]. At that
time, results demonstrated exposure of
healthcare workers to cytostatic drugs
based mainly on mutagenicity in urine
(Ames assay) and the presence of chro-
mosome aberrations and sister chroma-

tid exchanges in blood lymphocytes. The
findings of these tests have resulted in
worldwide regulations and guidelines [5].
Follow-up studies with these tests have
shown a reduction in the exposure of
healthcare workers to cytostatic drugs.
Professionals involved in this issue were
more or less leaning back, thinking that
the problem was solved but in fact the
opposite was the case. It was found
that the tests did not show exposure of
healthcare workers despite cyclophos-
phamide, a carcinogenic cytostatic drug,
being detected in their urine. Due to lack
of selectivity and sensitivity, these tests
became less useful in the 1990s [4].

These new findings have resulted in the
development of more sensitive methods
for the analysis of individual cytostatic
drugs or their metabolites mainly in urine
[6-8]. In addition, one was more focused
to find out the causes of the exposure [9].
This has resulted in the development of

so-called wipe tests to measure environ-
mental contamination. With wipe tests,
potential contaminated surfaces are pre-
wetted and wiped with a tissue; the tissue
is then analysed for the drugs to be mon-
itored and, finally, the amount is calcu-
lated for the area wiped. By taking wipe
samples, contaminated surfaces can be
traced and ranked according to the level
of contamination. The causes of the
contamination can then be attempted to
be elucidated. Wipe tests can be used to
evaluate preparation and administration
procedures, to test devices, and to check
cleaning procedures.

Taking wipe samples has become very
popular and, nowadays, many hospitals
perform these tests on a frequent basis
to evaluate their procedures and routines
[10]. Most hospitals which perform these
tests see a decline of the environmental
contamination over time. In addition,
the decline is not only observed for envi-
ronmental contamination but also for
the amounts of cytostatic drugs excreted
in the urine of healthcare workers indi-
cating a reduction of occupational
exposure.

Developments

It is clear that a reduction of environ-
mental contamination with cytostatic
drugs will eventually result in a lower
exposure of healthcare workers. Over
the last decade, several developments
have positively contributed to these
results.

A tremendous reduction in environmental
contamination has been achieved by the
introduction of so-called closed-system
transfer devices. With these systems,

3
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a leak-free transfer of drugs from vial
to infusion bag, syringe or pump can be
achieved. Although a number of compa-
nies have introduced these devices on the
market, long-term clinical studies show-
ing the effectiveness of the devices have
not yet been published for the majority
[11]. Objective criteria for a device to be
considered as a closed-system transfer
device are lacking; only a general defini-
tion is available, which indicates a closed
system as one that mechanically pre-
vents the transfer of environmental con-
taminants into the system and the escape
of drugs or vapour out of the system
[5]. Objective criteria should be set by
authorities in collaboration with organi-
sations of healthcare professionals such
as American Society of Health-System
Pharmacists and the International
Society of Oncology Pharmacy Practi-
tioners. It is a pity that, although these
devices seem to be very effective in
reducing environmental contamination,
their use is only recommended and not
obliged [1, 12].

Another improvement has been made
by the pharmaceutical industry. The
production of contained and sleeved
vials has substantially reduced the out-
side contamination of drug vials [13].
However, there are still drugs on the
market without such a protection or
without information about the con-
tamination on the outside of the vials.
Therefore, it is important to stress that
vials should only be touched when
wearing gloves. The checking of vial
contamination by independent author-
ities in combination with certification
could further reduce contamination on
the outside of drug vials. Acceptable
levels or standards for vial contami-
nation have to be set by authorities
in collaboration with the pharmaceu-
tical industry and hospital pharmacist
organisations.

The third improvement is the increase of
the awareness that handling cytostatic
drugs implies a potential health hazard.
Continuous education and training have
contributed to inform healthcare work-
ers about the risks when handling these
drugs.

4

More recently, robots for the prepara-
tion of cytostatic drugs have been devel-
oped and some have been implemented
in the hospital setting. However, clini-
cal studies evaluating robots have yet to
be published. Major concerns regard-
ing environmental contamination and
the exposure of healthcare workers
are potential cross-contamination and
spread of contamination inside the robot
area and on the outside of prepared
bags. This ultimately results in the trans-
fer of contamination to administration
areas. Independent validation studies
need to be performed to investigate these
potential concerns.

The Dutch approach

Nowadays, many hospitals take wipe
samples and a question raised frequently
is, ‘Does the observed contamination
result in exposure of the healthcare
workers and, if so, what level of con-
tamination is acceptable in terms of
health risk?” These are legitimate ques-
tions because, over time, wipe samples
continue to show contamination. More
drugs will be prepared in the future due
to more cancer patients, drug vials will
still be contaminated on the outside, and
detection limits of analytical methods
will continue to be lowered due to new
and more sensitive techniques.

Over the last 20 years, a lot of moni-
toring studies have been performed in
The Netherlands. To evaluate proce-
dures and to check contamination and
exposure, the Dutch authorities have
obliged hospitals to perform wipe tests

regularly. This has resulted in an enor-
mous database in general showing a
reduction of environmental contamina-
tion over time. In addition, excretion of
cyclophosphamide has not been found
indicating no measurable exposure to
this drug. These findings have resulted
in a debate about what is an acceptable
level for environmental contamination
in terms of health risk for healthcare
workers.

Dutch healthcare professionals such as
pharmacists, nurses, occupational hygi-
enists, and toxicologists have discussed
this issue for many years. A few years
ago, a consensus was agreed on the
approach of how to set an accept-
able level of environmental contamina-
tion. A very pragmatic approach was
followed based on the marker drug
cyclophosphamide. The selection of
cyclophosphamide was obvious: it is a
highly toxic drug, resistant, with high
skin permeability (skin exposure), and
is frequently used and monitored (wipe
and urine samples) due to sensitive ana-
lytical methods. In fact a worst-case
scenario was followed (conservative
approach). Based on the data set, 90%
of the wipe samples show contamina-
tion levels < 0.1 ng/cm? and 99% of the
wipe samples show contamination levels
< 10 ng/cm®. In addition, no positive
urine samples were found at contami-
nation levels <0.1 ng/cm’ indicating
no measurable exposure of the health-
care workers. This has resulted in the
reference values 0.1 ng/cm? (‘safe’) and
10 ng/cm? (‘not acceptable’).

Table 1: Reference values for environmental contamination with cyclophosphamide
(CP) in The Netherlands

Urine CP (ug/24 h) 0.02-0.2 0.02-2
Contamination CP (ng/cm) |<0.1 0.1-1 1.0-10 > 10
Monitoring |Risk estimate Take
ONce a year | Monitoring within 36 ~ |Measures
Actions Evaluate ~ |months Check by
after 4 years | Eventually followed by ~ |monitoring
measures

www.ppme.eu
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Based on these data, Dutch healthcare
professionals have agreed on differ-
ent types of actions to be performed
depending on the levels of contamina-
tion found after wipe sampling (see
Table 1). In addition, these data can
also be linked to cancer risk estimates in
terms of strive risk level and prohibitory
risk level based on the analysis of cyclo-
phosphamide in the urine of healthcare
workers [14]. In the final ‘traffic-light’
model, it can easily be seen what levels
of cyclophosphamide environmental
contamination and urine excretion are
acceptable and which actions need to be
performed.

This approach is considered as a first
step to indicate what can be considered
as a ‘safe’ level for environmental con-
tamination with cyclophosphamide. The
approach will be evaluated after several
years and will, if possible, be expanded
to other cytostatic drugs.

Conclusion

Over the last thirty years, enormous steps
have been set forward to reduce occupa-
tional exposure of healthcare workers
to cytostatic drugs. The awareness has
grown, closed-system transfer devices
have been introduced, and cleaner vials
have been produced. For the next decade,
these developments need to be intensi-
fied in order to result in a further low-
ering of environmental contamination
and consequent exposure of healthcare
workers to these drugs. To follow and to

www.ppme.eu

support these developments, the use of
monitoring methods by taking and ana-
lysing wipe and urine sample are a must
and will remain a permanent tool for
measuring contamination and exposure
at healthcare sites.

Author
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Human factors: safety lessons
for oncology pharmacy practice

=+ )

Rachel E White, MA (Psych)

Anthony C Easty, PhD, PEng, CCE =

Human factors is a discipline aimed at reducing human error through changes to the systems in which
people work. This article presents an analysis of a chemotherapy compounding error, and makes recom-
mendations for how to incorporate human factors into oncology pharmacy practice.

Introduction

Oncology pharmacists play a critical role
in ensuring that cancer chemotherapy is
prepared in a safe and efficient manner.
Pharmacies are constantly working to
address challenges such as sterility and
expiration, dosing accuracy, and protec-
tion from hazardous exposure, while at
the same time facing rapid increases in
production requirements and staffing
constraints [1]. Creating and maintaining
safe systems under such circumstances is
therefore a growing challenge.

What is ‘human factors’
Human factors is a discipline incor-
porating principles of psychology
and engineering into understand-
ing and designing the interactions
between people and the complex
systems in which they live and
work. One of the aims of human
factors is to reduce the occur-
rence and impact of human error
through an acceptance of humans’
physical, cognitive and social capa-
bilities and limitations. Rather than
expecting humans to improve upon
their innate abilities, changes to
the system in which humans work
are encouraged [2]. For example, if
nurses repeatedly make program-
ming mistakes on an infusion pump,
the common response might be to
send them on training, to give them
frequent reminders, or to implement
policies requiring them to double-
check pump settings before initiating an
infusion. In contrast, the human factors
approach might be to change the design
of the programming sequence on the
pump’s user interface so that the correct
sequence is the most intuitive option.

6

High-risk industries such as aviation,
nuclear power generation, and transpor-
tation have been employing human fac-
tors techniques to improve safety since
the middle of the 20th century. However,
concepts of human factors are relatively
new to healthcare, and are only in the
last decade gaining momentum. Like
other areas of healthcare, oncology
pharmacy practice is complex and high-
risk for both patients and staff. Applying
human factors principles to this area of
healthcare is therefore a natural exten-
sion of the field.

A doubly devastating chemo-
therapy preparation error

A recent case of a tragic chemotherapy
preparation error can be used to shed
light on the role that human factors can
play in understanding, responding to,

and preventing adverse events in oncol-
ogy pharmacy practice.

In 2006, a two year-old American girl
died as a result of receiving an incor-
rectly compounded chemotherapy solu-
tion [3, 4]. A pharmacy technician made
the base solution for the chemotherapy
by manually compounding full strength
23.4% sodium chloride instead of using
0.9% solution. The pharmacist responsi-
ble for checking the final prepared prod-
uct failed to detect the error and the child
died from hypernatraemia as a result.

Unfortunately, this case had tragic
consequences for both the family and
the pharmacist. The family was dev-
astated by the loss of their child. The
life of the pharmacist, who intended
no harm, was also forever changed.
As a direct result of the error, he
had his licence permanently revoked
and was convicted of involuntary
manslaughter. He spent six months
in prison, six months in home con-
finement with electronic monitor-
ing, three years in probation and
400 hours in community service. He
also had to pay a fine of US$5,000
and court costs [3].

To err is human

The technician made a mistake by
compounding highly concentrated
saline. The pharmacist failed to
detect the mistake. The oft quoted
phrase, ‘to err is human’ highlights that
it is an inevitable part of human nature
to make mistakes. Even the most expe-
rienced practitioners make mistakes,
and the same set of circumstances
can lead to errors being repeated by

§
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multiple individuals [5]. An acceptance
and expectation that humans will err is
an essential component of a safe sys-
tem [3]. In this light, and given that no
harm was intended, the criminal pros-
ecution of this pharmacist was highly
inappropriate and counterproductive to
the patient safety movement [3]. Though
disturbing, this extreme response to the
natural phenomenon of human error
in this case is thankfully relatively
uncommon.

Fatigue

The pharmacist had worked
an evening shift until 23:30
the night before, and because
the unit was short-staffed, he
was asked to come in again in
at 10:00 the next morning [6].
Research has shown consist-
ently that humans are more
likely to err when they have
not had enough sleep, and that
tasks requiring vigilance are
especially at risk for error [7].
Checking large quantities of
drug preparations, as the phar-
macist was doing that morning,
is a vigilance task. The timing
of his shifts was therefore far
from ideal and may have con-
tributed to his failure to notice
the compounding error.

Stress and efficiency
pressure

The night before the incident,
the electronic systems in the
pharmacy had failed. When the
pharmacist arrived in the morn-
ing, the unit was understaffed
and there was a significant
backlog of prescriptions as well as large
stacks of duplicate labels and materi-
als to deal with. He was motivated to
clear this backlog as quickly as possible
so that medications could be delivered
to patients on schedule [6]. With these
pressures, he did not have time for nor-
mal work breaks [3]. Also, that morning
a chemotherapy nurse called the phar-
macy to ask for the child’s chemotherapy
even though it was not required until the
afternoon, so additional pressure was
being applied to the pharmacist to work

www.ppme.eu

quickly and efficiently, especially on this
particular prescription [3].

Research has established that regular
rest breaks are important for mitigating
risk in work environments [8]. Further,
task overload and time pressure have
been shown to reduce human perform-
ance because of their impact on atten-
tion and working memory. As a result,
people under stress tend to have sim-
pler decision strategies, use recogni-

tional rather than analytical decision
approaches and have restricted ability
to gather information [9]. The phar-
macist in this case was overloaded and
under time pressure, and did not take
breaks, so it is plausible that these cir-
cumstances may have played a role in
his failure to detect the error.

Organisation of materials and
work processes

The day of the error, the checking table
in the IV compounding area was very

J
:

cluttered, as it often was. The back-
log of orders contributed to multiple
medications and materials being in a
large pile [6]. The presence of 23.4%
saline in the pile would not have been
unusual because at this paediatric hos-
pital, very low-fluid volume injections
with highly concentrated saline were
commonplace [6].

The collocation of multiple materials
within mixing and checking areas has
been identified as a serious safety
hazard in research on chemother-
apy safety [10], as well as in anal-
yses of other adverse events [11].
If the checking table had been
more organised, the pharmacist
may have had a better oppor-
tunity to detect the error. For
example, if each final prepared
product had been placed in a sin-
gle bin with its associated labels
and/or medication order, empty
vials and containers, the phar-
macist would have been able to

see that the wrong saline solution
had been used.

Human error-checking
‘Double-checks’ or ‘independent
double-checks’ processes, where
a second individual verifies the
work performed by the first, are
common in healthcare, especially
in pharmacy practice. The phar-
macist in this case performed a
check of the technician’s work,
but he failed to detect the error
she had made.

Research on error-checking has
consistently shown that no check
performed by humans is 100% reliable.
Human error detection has been shown
to fail 5-20% of the time [3]. In fact, one
study of independent double-checking of
chemotherapy showed that depending on
the specific approach to double-checking
and the error type in question, checking
failed to identify errors 10% to 100% of
the time [12]. Exploratory research on
chemotherapy safety in Canada has also
found that certain combinations of mixing
and checking approaches can effectively
hide errors, making their detection almost
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impossible [10]. Error-checking is impor-
tant because it catches some errors, but it
cannot be relied upon entirely.

How can the human factors issues
in this case be addressed?
This case is an example of how the
system in which a person works can lead
to human error. In hindsight, it is not
difficult to imagine another individual
in these circumstances making the same
mistake. The following recommendations
have the potential to reduce the impact
of human error in an environment like
the one described in this case:

e To err is human. Accept that errors
are natural. Encourage a culture
where errors are openly reported and
discussed. Implement an electronic
reporting system, and a process for
systematically responding to errors.
Support staff if they are ever unfortu-
nate enough to be involved in an error.
Look for changes that can be made to
the system rather than to the people
who work within it.

e Fatigue. Implement policies limiting
the duration of work shifts and ensure
a minimum amount of time between
shifts. Encourage or mandate regular
breaks. Ensure staffing is sufficient to
make these policies achievable.

o Stress and efficiency pressure. Work
to keep staffing levels consistent
with changes in production levels.
Ensure that safety-critical tasks are
done in quiet and interruption-free
zones. Manage the expectations of
the departments serviced by the phar-
macy by providing regular updates on
expected production times.

e Organisation of materials and work
processes. Ensure that the pharmacy
follows the International Society of
Oncology Pharmacy Practitioners
standard of one mix at a time [13].
Keep production and checking areas
tidy and organised, with materials for
a single mix together, and separate
from other mixes.

*  Human error-checking. Know the limi-
tations of human error-checking and
build in other safety nets. Ensure that
all the information needed to identify
all possible errors is available to the
person conducting the check.

8

Incorporating human factors into

oncology pharmacy practice

The above recommendations are based

on factors involved in a single case.

Other safety issues in oncology phar-

macy practice exist, many of which may

not yet have led to a specific error in a

given environment. Additional steps can

be taken to proactively address human
factors and safety issues:

* Read more about human factors [2, 5,
14, 16].

* Find and collaborate with human fac-
tors professionals in your community.

* Go on informal walkabouts and observe
actual (not expected) practices. Look
for opportunities where errors could
occur.

* Conduct Healthcare Failure Mode
and Effect Analysis [17] to identify
hazards before they lead to an error.

* When incidents or near-misses occur,
conduct root cause analyses [15].

* Collaborate in interdisciplinary teams
to identify systems solutions to identi-
fied problems. Look beyond policies
and training and towards changes to
processes and designs that make it
easy to do the right thing and hard or
impossible to do the wrong thing.

Human factors is more of a mindset than
a set of strict guidelines. There are many
resources for healthcare professionals
to learn to apply this mindset to their
work. Although it will never be possible
to eliminate human error from the very
human-driven processes in health care, it
is our hope that tragic errors such as the
one described here will become things of
the past, and that staff involved in errors
will always be given the support they
deserve.
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Cytotoxics preparation: reduction of medi-
cation errors and enhancing capacity
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ver the last 10 years there has

been an increase in cancer

survival rates, increases in

the complexity of regimens

including the use of gene
therapy and increases in the number of
patients being treated in clinical trials. As
a result of all of this, there is escalated
pressure at all points of the chemotherapy
process right through from prescribing to
administration of the drugs. This could
potentially result in an increased risk of
errors occurring at some point in the proc-
ess. This article seeks to identify some of
these risks and discusses ways that Imperial
College Healthcare NHS Trust (ICHNT)
has tried to address them.

The Trust

Hammersmith Hospitals merged with
St Mary’s Hospital in 2008 to become
Imperial College Healthcare NHS Trust,
one of the UK’s first Academic Health
Science centres. ICHNT provides cancer
treatment to around 600 new oncology
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An increase in the complexity of chemotherapy over the last 10 years
has increased pressure on all parts of the chemotherapy service and
the potential for error. This article seeks to identify some of these
errors and discusses measures to prevent them and ways to address

capacity issues.

and haematology patients every year as
the cancer centre for the North West
London Cancer Network.

Haematology is based at the Hammer-
smith site, with three 16-bedded inpa-
tient wards, and a large day unit treating
lymphoma, acute and chronic leukaemic
and myeloma patients. Hammersmith is
also a Joint Accreditation Committee—
ISCT and EBMT (JACIE) accredited
Bone Marrow Transplanation centre.

Oncology patients are treated with
chemotherapy on an outpatient basis at
all three ICHNT sites: Charing Cross,
Hammersmith and St Mary’s. There are
two 26-bedded oncology inpatient wards
at Charing Cross. ICHNT treats all the
major solid tumours (breast, colon,
rectum, head and neck, neuro-oncology,
skin, thyroid, upper GI urological,
gynaecological, hepatobiliary) as well
as a number of rarer cancers, e.g. gesta-
tional trophoblastic disease.

The St Mary’s site also provides a shared
care paediatric oncology service with
Great Ormond Street Hospital and
paediatric bone marrow transplants.
We have licensed aseptic units at the
Charing Cross and Hammersmith sites
that are responsible for the provision of
all chemotherapy for the three sites.

Medication errors in chemotherapy
Over 200,000 patients safety incidents
were reported by National Health Serv-
ice staff in England and Wales between
2003 and 2008. Of these reports, nearly
5,000 involved anticancer medications
[1]. A review of these incidents showed
that 23% of incidents occurred during

the prescribing process and 26% during
the preparation process. However, the
main area for harm was during the
administration process (43%).

Measures to reduce errors in anticancer
medication are therefore essential to reduce
the risk of harm to patients. Several other
reports in the UK have also highlighted
the need for enhanced risk-management
in the delivery of anticancer medicine, e.g.
National Confidential Enquiry into Patient
Outcomes and Death, for systemic anti-
cancer treatment mentioned that many
of the prescriptions reviewed in the audit
were of poor quality with additions and
crossings out [2]. Poor communication is
also cited as a reason that errors occurred.
The National Chemotherapy Advisory
Group (NCAQG) paper — Chemotherapy
services in England: ensuring quality and
safety [3], clearly recommends that pre-
scription verification and dispensing (of
chemotherapy) should only be under-
taken by appropriately trained staff.

E-prescribing

The National Cancer Action Team,
which is responsible for improving
patient experience in the UK, issued the
Manual for Cancer Services — Chemo-
therapy Measures. The measures state
that all NHS providers of chemotherapy
must use computer-generated prescrip-
tions. ICHNT has this year successfully
introduced a new e-prescribing system at
the St Mary’s site which previously used
paper-based prescription pro formas.
Although no formal assessment has been
undertaken, it is believed that the intro-
duction of the electronic system will
reduce prescribing errors, e.g. omitted
medication and incorrectly calculated
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doses. The computer-generated prescrip-
tions also eliminate ambiguity associ-
ated with illegible handwriting or hand
amendments on the prescriptions. There
is an electronic trail of any amendments
or interventions made and the facility to
include notes and endorsements, often
lacking on paper prescriptions.

E-prescribing allows easy access to previ-
ous prescriptions and provides informa-
tion on any previous dose modifications
and dates of administration to aid the
verification process.

Both dose capping and maximum
number of cycles of chemotherapy are
programmed into the regimen to ensure
there is no overdose and to ensure that
chemotherapy is not continued beyond
the recommended number of cycles.

However, e-prescribing may introduce
other types of errors, e.g. incorrect pro-
gramming of the regimen onto the system
could lead to repeated errors. It is essential
that healthcare staff are trained appropri-
ately to avoid unintentional misuse of the
system, e.g. amending chemotherapy vol-
umes or incorrectly entering patient data.

10

ICHNT has procedures in place to reduce
these risks and a training programme for
all staff has been developed. All regimens
are built by a chemotherapy-trained phar-
macist, then validated by a cancer special-
ist pharmacist and finally checked and
signed off by a consultant. Staff using
the system are trained before being issued
with a password to use the system and user
manuals are easily accessible on the Trust’s
Intranet. All patient data are checked by
both a nurse and a pharmacist.

Currently, ICHNT is introducing a new
pathology results reporting system that
will interface with the chemotherapy
e-prescribing system to eliminate the risk
of incorrect manual entry.

Error reporting and management

ICHNT uses the Datix electronic system
for incident reporting. Within the cancer
services at ICHNT the average incident
reporting rate is around four in every 100
admissions for all incidents including
medication, the national average is 5.5.

Individual errors are assigned an inves-
tigator who is responsible for ensuring
all the facts relating to the incident are

obtained, e.g. exact nature of error, what
measures have been taken/are required to
immediately rectify the error, factors that
contributed to the error, the outcome and
likelihood of the incident recurring. This
root-cause analysis is essential to estab-
lish that appropriate actions are taken to
prevent recurrence.

Once a month, a summary of cancer
medication errors is produced and dis-
cussed at the Trust’s Cancer Clinical Inci-
dent Review Committee meeting, which
is attended by the cancer pharmacist,
the cancer clinical governance lead and
senior nurses. Action points on serious
errors are fed back to staff and measures
implemented to prevent their recurrence.
A more detailed quarterly report is also
produced and discussed at the Cancer
Quality and Safety meeting, where any
recommendations are actioned.

Training and accreditation of
staff

The NCAG report focussed on training
and accreditation of all disciplines that are
involved with the prescribing, dispensing
and administration of chemotherapy. The
British Oncology Pharmacy Association
[4] introduced guidelines to assist phar-
macists with screening chemotherapy
prescriptions and ensures appropriate
training of staff [5]. At ICHNT, all phar-
macists undergo a training programme
which consists of taught work, observing
the senior pharmacists, a period of screen-
ing ‘live’ prescriptions which are then
second-checked by the senior pharma-
cist and a log of these items. The trainees
are exposed to a wide variety of different
regimens and specialities. Once the senior
pharmacist is satisfied, the trainee then
undertakes a screening test under ‘exam’
conditions. Only if they have identified
all errors can they be accredited to screen
chemotherapy and put on the register.

Medical staff and non-medical pre-
scribers must have undertaken local
training before being accredited to pre-
scribe chemotherapy. The content of
this training includes knowledge of
local treatment protocols and specific
toxicities associated with the treatment
[6]. ICHNT will soon be introducing
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a computer-based test that requires
prescribers to demonstrate their com-
petency. Only consultants, specialist
registrars and experienced non-medical
prescribers are allowed on to the chemo-
therapy prescribing register.

Nurses are usually the last check before
a patient receives their chemotherapy
and so it is essential that they are able to
identify any errors that may have gone
previously undetected. Nurses must hold
an appropriate qualification in chemo-
therapy and have been assessed as com-
petent to administer chemotherapy by a
senior chemotherapy nurse. The content
of the training includes the safe admin-
istration of chemotherapy and how to
deal with the complications of chemo-
therapy. Accredited nurses are placed on
the Trust’s Chemotherapy Administra-
tion Register.

Intrathecal chemotherapy

In the UK in 2001, after an enquiry into

the death of a teenager from the incor-

rect administration of vincristine, the

Department of Health issued guidance

on intrathecal chemotherapy (ITC) to

ensure this mistake was never repeated.

This guidance has since been updated

twice, the last in 2008 [7]. The guidance

sets strict standards on the procedures

involved in the administration of ITC.

Key points in the guidance are:

* there should be an Intrathecal Chem-
otherapy Lead for the Trust

* only trained and accredited staff on
the intrathecal register may be involved
in the process

* intrathecal chemotherapy must only
take place in designated areas.

ICHNT has an Intrathecal Chemother-
apy Committee that ensures compliance
with the National Guidance. The com-
mittee is responsible for maintaining the
local Intrathecal Policy and taking action
whenever the UK National Guidance is
updated, e.g. in 2008, the update included
a recommendation that all adult vinca
alkaloid doses should be administered in
50 mL mini-bags. There are designated
trainers for nurses, doctors and phar-
macy staff, to train and accredit staff
prior to them being placed on the regis-

ter. The committee recently completed a
risk assessment on its ITC service at the
St Mary’s site and decided that, as only
a small number of ITC procedures were
undertaken annually, i.e. fewer than 10,
that it was safer not to administer ITC
at St Mary’s.

Enhancing capacity in cytotoxics
preparation/compounding

Advanced prescribing

At ICHNT, we work closely with the pre-
scribers to ensure that prescriptions are
generated in a timely manner. The major-
ity of patients can have 2-3 cycles pre-
scribed in advance. There will always be
the issue of patient delays and dose modi-
fication, but these are easier to accommo-
date if the majority of chemotherapy is
made in advance. Advanced prescriptions
can help to ensure that any interventions
made by the pharmacists can be commu-
nicated to the prescriber and adjustments
made to the prescription prior to the day
of treatment. Hastily screened prescrip-
tions can lead to prescribing errors not
being identified, or not being rectified in
time causing delays for patients.

Outsourcing

One approach to address capacity
issues is to look at outsourcing some
of the chemotherapy work to com-
mercial manufacturers. Cytotoxics that

have relatively long expiries (28 days or
more) and are high usage can be consid-
ered suitable for outsourcing where cost
allows. In some cases, these drugs can be
purchased at or around the same cost
as vials; these then simply need to be
dispensed for individual patients. This
approach has been embraced across
London and as a result, competitive
pricing for a number of chemotherapy
agents in ready-to-use forms has been
achieved. One of the disadvantages is
that nursing staff may have more than
one syringe to administer and there
has been at least one incident where a
patient did not have all the syringes
administered and as a result, received a
lower dose than that planned.

Additionally, vial prices are rapidly
changing, so all outsourced products
need regular review to ensure outsourc-
ing is not significantly increasing costs to
the healthcare economy.

Vial sharing

At ICHNT we are developing a number
of vial sharing schemes where doses of
the same drug for a group of patients
are made together on a campaign basis.
This is more efficient, enables advanced
preparation and produces cost savings.
We prepare all trastuzumab doses in
this way and have recently introduced

-
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this approach for borte-zomib. In both
cases this is delivering significant cost
savings to the healthcare economy as
well as reducing patient delays. We are
now considering the same approach
for a variety of other drugs, where cost
savings are less marked, as we believe
the efficiency gains alone make this
worthwhile.

Dose banding

ICHNT has been using dose banding
and dose rounding for a number of
years. Calculated doses are rounded
to the nearest available dose size or
combination of syringes within a 5%
margin. The doses are then prepared or
outsourced products are labelled prior
to the patients’ treatment date; these
can be reissued to other patients if the
patients’ treatment is cancelled or the
doses change. Not only does this lead to
less wastage but it can reduce errors in
dose calculation.

Automation in aseptics

In 2007, an automated compounding
robot was installed in the aseptic unit at
the Charing Cross site. We believed the
robot would help to address some of
the issues around safe handling, risk of
repetitive strain in operators as well as
delivering cost savings by vial sharing
and increasing efficiency. Additionally,
the robot uses a combination of bar-
code and camera technology to identify
the products that are loaded. The robot
weighs all products prepared to ensure
that the correct dose of chemotherapy
has been drawn up. We believe the risk of
errors occurring during the compounding
process is therefore significantly reduced
compared to the manual process.

The robot has enabled us to review the
skill mix within the aseptic unit moving
towards having more lower-graded staff.

Capacity plans

It is a requirement of our licence that we
have capacity plans in place in both asep-
tic units. Capacity planning is required
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to ensure that adequate trained staff,

equipment and facilities are available to

meet workload pressures. The capacity

plan aims to ensure that the:

* Quality of the product and safety of
the operator are not compromised.

« Staff do not feel under extreme
pressure.

« Staff do not overwork.

* Error rates do not increase.

To ensure that the aseptic unit can
meet the demands being put upon it,
a review of four areas is carried out
annually:

» workload

* staffing

« facilities and equipment

* service quality.

A retrospective approach is taken with
each area being compared against the
previous year’s data.

The plan addresses how to deal with short-
term problems, e.g. staff sickness, planned
shutdown of rooms/equipment; and long-
term changes in staffing, facilities and
workload. All staff within the aseptic units
are aware of the plan and senior staff can
invoke it as and when necessary.

Emergency chemotherapy/the need for

a 24-hour compounding service

Although the Trust is a large oncology and
haematology centre, the pharmacy aseptic
units are only open Monday to Friday,
9 am to 5 pm, and there is no aseptic com-
pounding service outside these hours. In
order to ensure that patient needs can be
met we have discussed this with consultants
and identified a number of chemotherapy
drugs which have been made available as
standard doses for emergency use.

Future developments

It is planned that interfaces will be devel-
oped between the prescribing systems
and the pharmacy systems to prevent
double entry of data. This would sig-
nificantly improve efficiency within our
aseptic units.

The same technology that is used within
the compounding robot to identity prod-
ucts and check that final doses are cor-
rect is being developed so that this will
be available to use in clean rooms and
isolators. This will prevent the need for
a second member of staff to be available
to carry out volume checks and should
help to reduce errors during manual
preparation.
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Should monoclonal antibodies
and their conjugates be considered
occupational hazards

Y

Thomas H Connor, PhD

Barbara A MacKenzie, BSc

Monoclonal antibodies are a novel class of agents that often lack information concerning hazards for
healthcare workers. Their large molecular weights would be expected to limit bioavailability and toxic
potential. However, actual bioavailability in occupational settings remains uncertain.

he toxicity of older-generation

antineoplastic and other haz-

ardous drugs has been well

known since they were intro-

duced in the 1940s. Because
most of these antineoplastic drugs are
non-selective in their mechanism of action,
they affect non-cancerous as well as can-
cerous cells. In the 1970s, secondary malig-
nancies were reported in patients who had
previously received antineoplastic drugs
for other malignancies [1]. Since that time,
the International Agency for Research on
Cancer has identified approximately 30
antineoplastic drugs as known or potential
human carcinogens while many more are
recognised as carcinogens based on labo-
ratory research [2].

Although many safety provisions have
been advanced to reduce exposure,
recent studies have shown that workers
continue to be exposed to these drugs
despite safety policy improvements [3-5].
In 2004, the National Institute for Occu-
pational Safety and Health (NIOSH)
reviewed existing guidelines and pub-
lished an alert reviewing the most recent
information available and promoting a
programme of safe handling during their
use [1]. This alert included a listing of
drugs that should be handled as hazard-
ous. This list was updated in 2010 [6] and
will be updated again in 2012 to keep
abreast of new FDA drug approvals and
warnings on existing drugs. The alert
covers all workers in healthcare settings
who are potentially exposed to hazard-
ous drugs. Because of the expanding use
of hazardous drugs into new areas and
specialties, the number of workers who

www.ppme.eu

are not properly trained in their safe
handling will continue to increase.

Reports have associated workplace expo-
sures to conventional antineoplasticdrugs
with acute health effects such as hair loss,
headaches, acute irritation, and/or hyper-
sensitivity. In addition, adverse repro-
ductive outcomes—including infertility,
spontaneous abortions, and congenital
malformations—and evidence of tera-
togenic outcomes in patients and health-
care workers have been reported [1, 7].
During the past 30 years, professional
organisations and government agen-
cies around the world have developed
guidelines to protect healthcare work-
ers from adverse effects associated with
occupational exposure to antineoplastic
drugs [1].

NIOSH [1] adopted a set of six criteria to
identify the characteristics of a hazard-
ous drug, see Table 1. Since each drug is
unique and varies considerably in struc-
ture, biological activity, bioavailability,
formulation, and other characteristics,
NIOSH evaluates each drug on an indi-
vidual basis and not as a member of a
specific class. For example, the American
Hospital Formulary Service [8] currently
lists monoclonal antibodies, including
conjugated forms, as one of eight catego-
ries of antineoplastic drugs, see Table 2.
Because they are proteins in nature,
monoclonal antibodies themselves are
not required to be evaluated for carci-
nogenicity or genotoxicity, even if their
therapeutic effects are directly mediated
by antibody binding to a target antigen.
However, monoclonal antibodies may

be conjugated to other carcinogenic or
genotoxic agents in order to target those
toxic agents to specific cell types. For
example, gemtuzumab ozogamicin was
marketed in the US until 2010 [9]. The
monoclonal antibody component of
the drug targeted it to CD33, a cell sur-
face antigen found on leukaemic blast
cells. The toxic agent to which the anti-

Table 1: NIOSH criteria for hazardous
drugs [1]

Carcinogenicity

Teratogenicity or developmental
toxicity
Reproductive toxicity in humans

Organ toxicity at low doses in humans
(> 10 mg/day) or animals (> 1 mg/kg/day)

Genotoxicity

New drugs that mimic existing hazard-
ous drugs in structure or toxicity

NIOSH: National Institute for Occupational
Safety and Health.

Table 2: American Hospital Formulary

Service Classification 10:00
Antineoplastic Agents [8]

Alkylating agents
Antibiotics

Antimetabolites
Topoisomerase II inhibitors
Hormonal agents
Monoclonal antibodies
Interferons

Vaccines

13




ST S IR A elel S0l S37:V [0\ IN ONCOLOGY PHARMACY

For personal use only. Not to be reproduced without permission of the publisher (copyright@ppme.eu).

body was conjugated, a calicheamicin
cytotoxic agent, worked by binding to
DNA [10].

Although they may be applicable to bio-
active agents conjugated to monoclonal
antibodies, three of the six NIOSH cri-
teria—carcinogenicity, genotoxicity, and
new drugs that mimic existing hazardous
drugs in structure or toxicity—are not
applicable to the monoclonal antibod-
ies themselves because of their unique
characteristics. An additional three cri-
teria might apply to either unconjugated
or conjugated monoclonal antibodies:
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teratogenicity or developmental toxicity,
reproductive toxicity in humans, and
organ toxicity at low doses in humans
(> 10 mg/day) or animals (> 1 mg/kg/day).
For many of the therapeutic monoclonal
antibodies and conjugates, little infor-
mation is available on these criteria. The
majority of the monoclonal antibodies,
according to the manufacturers’ drug
package inserts, fall in FDA Pregnancy
Category C*.

Currently, only one monoclonal antibody
has a safe handling warning recom-
mended by the manufacturer. Brentuxi-
mab vedotin, a conjugated monoclonal
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antibody that contains the microtubule
disrupting agent monomethyl auristatin
E, has safe handling guidelines and is also
listed as Pregnancy Category D [11].

In the 1970s, a study from Finland
indicated that healthcare workers may
be at risk of harmful effects from anti-
neoplastic drugs as a result of pos-
sible drug uptake from occupational
exposure [12]. Since then, reports from
several countries have documented
drug contamination of the workplace,
identified drugs in the urine of health-
care workers, and measured genotoxic

responses in workers [1, 3-5]. Exposure
of healthcare providers to antineoplas-
tic drugs is varied based on unique set-
tings, but the routes of exposure are
typically inhalation or dermal. Workers
may be exposed by inhalation via drop-
lets, particulates, and vapours when
they create aerosols, generate dust by
crushing tablets, and clean up spills
and bodily wastes. Dermal exposure
may occur when workers touch surfaces
that are contaminated with hazardous
drugs during their preparation, admin-
istration, or disposal. Exposure can
also result from contact with surfaces
contaminated with the waste products

of patients treated with these drugs
that may contain the parent drugs and/
or metabolites of the drugs. Addition-
ally, oral exposure from hand-to-mouth
contact and accidental injection with
an antineoplastic drug, although rare,
has been documented [1]. These stud-
ies have dealt with conventional lower
molecular weight compounds and not
with high molecular weight monoclonal
antibodies and conjugates that target
specific antigens on cell surfaces.

Dermal exposure to monoclonal
antibodies

Given their large molecular weight
(> 140 kDa) the potential for dermal
uptake of unconjugated monoclonal
antibodies or intact conjugates in the
occupational setting is very low. Research
has postulated the upper limit for dermal
absorption of compounds at 500 Daltons
[13]. However, local irritation or aller-
gic reactions in damaged skin might
facilitate dermal uptake [10]. Healthcare
workers in general, and especially nurs-
ing personnel, have an unusually high
incidence of dermatitis [14, 15], which
could possibly contribute to dermal
uptake of the monoclonal antibodies.
Approximately one in three nurses has
some form of dermatitis. Routine use of
gloves when handling monoclonal anti-
bodies is recommended and would pre-
vent possible dermal uptake by normal
or damaged skin.

Inhalation exposure to mono-
clonal antibodies

The bioavailability of high molecular
weight substances (> 100 kDa) has been
estimated at a maximum of 5% by inha-
lation. Given the much higher molecular
weights of monoclonal antibodies, the
absorption rate of unconjugated mono-
clonal antibodies or intact conjugates
will probably be even lower [16]. If mono-
clonal antibodies were to be adminis-
tered to patients by aerosolisation, the
potential for exposure of the healthcare
worker would be increased. The feasibil-
ity of delivery by aerosolisation of one
unconjugated monoclonal antibody
drug, cetuximab, has been explored and
suggests a potential method of drug
delivery [17]. However, since monoclonal
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antibodies are not usually administered
by aerolisation, their routine adminis-
tration should not expose healthcare
workers to conditions that could result
in substantial exposure by inhalation.

Oral exposure to monoclonal
antibodies

While it is possible that hand-to-mouth
transmission of drugs can take place,
any exposure to monoclonal antibodies
by the oral route would result in dena-
turation and digestion in the gastrointes-
tinal tract [10], severely limiting exposure
to the monoclonal antibody itself by this
route. However, this might, in theory,
release lower molecular weight agents
from conjugates which could then act
directly on the gastrointestinal tract or
be absorbed systemically.

In some cases, a monoclonal antibody
may be conjugated with a radioactive
moiety as in the case of ibritumomab
tiuxetan and tositumomab. As radio-
pharmaceuticals, these monoclonal anti-
bodies fall into a separate class of hazards
that are under the control of nuclear
regulatory agencies and require special
handling due to their radioactivity.

Two approaches have been published
that have attempted to characterise the
occupational risk of handling mono-
clonal antibody-containing therapeutic
agents. Langford et al. [18] developed
a risk assessment tool based on the
antigenic properties and the toxic poten-
tial of monoclonal antibodies and con-
jugates. These authors recommended
that the majority of monoclonal anti-
bodies available in the UK at that time
should be considered high to moderate
risk and should only be prepared in the
pharmacy. A smaller group of mono-
clonal antibodies was considered low/
moderate risk and could be prepared
in the clinic if need be. However, given
the complex nature of preparation for
some monoclonal antibodies and the
need for aseptic preparation conditions,
preparation outside the pharmacy is not
recommended [19].

Halsen and Krimer evaluated a number
of monoclonal antibody-containing

agents based on reproductive and devel-
opmental toxicity and effects on fertil-
ity [10]. For the majority of these agents,
the authors reported that significant
data were lacking for these endpoints.
However, they concluded that all of the
monoclonal antibodies they evaluated
had the potential for some level of repro-
ductive toxicity. They also concluded that
oral and dermal exposure to these agents
would be very minimal. They postulated a
possible exposure scenario by inhalation
of aerosols but speculated that this route
would also result in minimal exposure.

A recent publication describ-
ing a three-tiered approach
to the safe handling of haz-
ardous drugs [20] considered
drug molecular weight as an
important consideration in
formulating  recommenda-
tions to exclude all interferons
and monoclonal antibodies
from their three proposed
risk categories: high-, low-,
or reproductive-risk.

Given the uncertainties sur-
rounding the handling of
monoclonal antibodies, the
following issues have been
observed and will require
careful consideration in clas-
sifying monoclonal antibod-
ies as occupational hazards:

* In most cases, the amount
of information available on
the toxicity of monoclonal
antibody-containing thera-
peutic agents, whether con-
jugated or unconjugated, is
limited.

* Testing monoclonal anti-
bodies for carcinogenicity or geno-
toxicity is typically not required by
regulatory agencies and therefore
these important criteria are not usu-
ally available.

* Though the potential for uptake of
monoclonal antibodies by healthcare
workers appears to be low (due to
large molecular weight > 140 kDa),
long-term, low-dose exposure to
monoclonal antibodies may result in
sensitisation of healthcare workers,

particularly if the monoclonal anti-
bodies are xenogeneic. However, if
small toxic agents were released from
conjugates, they could potentially
pose a greater problem.

* If healthcare workers become sensi-
tised through occupational exposure
it could limit treatment of those sensi-
tised workers if they require treatment
for cancer and other illnesses in the
future.

* Dermatitis and other damage to the
skin may facilitate the dermal uptake
of monoclonal antibodies.

e The normal preparation and adminis-
tration by healthcare workers of mon-
oclonal antibodies should not result
in the formation of aerosols sufficient
to be an inhalation hazard. However,
when the monoclonal antibodies are
administered as aerosols, the potential
for exposure of healthcare workers is
increased.

* Many monoclonal antibodies are under
development or are being approved,
requiring continual attention.
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Overall, the potential for occupational
exposure of healthcare workers to uncon-
jugated monoclonal antibodies and
intact conjugates is generally minimal.
Exposure scenarios that apply to lower
molecular weight antineoplastic drugs
do not apply to intact protein-based
molecules with the molecular weights of
the monoclonal antibodies. Thus, poten-
tial for disassociation of conjugates may
be an important consideration in the
assessment of healthcare worker risk.
The approach by NIOSH in evaluating
drugs as potential occupational hazards
is to evaluate each drug on an individual
basis and not as a member of a group.
Monoclonal antibodies that have been
evaluated by NIOSH to date have not
met the current criteria for a hazard-
ous drug. However, if new information
becomes available on a specific mono-
clonal antibody, NIOSH will review that
information and re-evaluate the hazard
potential. Thus, monoclonal antibodies
currently in use or new approvals may be
listed as hazardous drugs as more infor-
mation becomes available.

Given the complex procedures for the
preparation of some of the monoclonal
antibodies and the requirement for asep-
tic preparation, many of the same pro-
cedures used in the preparation of the
drugs identified as hazardous should
apply to the preparation of monoclonal
antibodies. Preparation should be per-
formed in a biological safety cabinet or
an aseptic compounding isolator using
proper procedures and personal protec-
tive equipment. Following these proce-
dures will protect both the integrity of
the monoclonal antibody and the health
of the worker [1, 19].

* Pregnancy Category C: animal reproduc-
tion studies have shown an adverse effect
on the fetus and there are no adequate
and well-controlled studies in humans, but
potential benefits may warrant use of the
drug in pregnant women despite potential
risks. Available from: depts.washington.
eduldruginfol Formulary| Pregnancy.pdf
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Obtaining insurance coverage for the
use of closed systems in Japan

Shin-ichi Sugiura, PhD; Mika Asano, BS; Hiroshi Gohma, PhD
Hirokazu Nakanishi, PhD; Tohru Hashida, PhD; Masahiro Okuda, PhD

il Y

This article examines the current situation and possible answers to why healthcare professionals
changed their mind on the importance of implementing closed systems, and steps taken to obtain
coverage for the use of closed systems in the formulary services of the Japanese insurance system.

Introduction

Little attention has been paid to the haz-
ards to which healthcare professionals
may be exposed from the drugs admin-
istered to patients.

All drugs can produce adverse reactions
in patients and also in healthcare profes-
sionals. It is known that certain specific
drugs, even at very low concentrations,
pose hazards to the workers handling
them or working in the vicinity.

The American Society of Health-System
Pharmacists addressed the problems of
hazardous drugs in 1990. Their con-
cerns have since been shared by the cur-
rent Occupational Safety and Health
Administration. If there is a risk that
exposure to a drug may induce cancer,
developmental or reproductive toxicity,
or organ damage, the drug is classified
as a hazardous drug. Many hazard-
ous drugs are used for cancer chemo-
therapies and for the treatment of some
infections. The therapeutic benefits of
hazardous drugs outweigh the risk of
adverse reactions to patients, however,
exposed healthcare professionals are
at risk of the same adverse reactions
and for them, the risk—benefit relation-
ship is not so positive. Exposure of
healthcare professionals to hazardous
drugs has been reported [1-3] to pro-
duce acute symptoms such as skin rash
and chronic effects including repro-
ductive adverse reactions and Skov et
al. have also reported that it can cause
cancer.

Some guidelines have been established
concerning the handling of hazardous
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drugs, but reports suggest problems in
compliance with regard to the guide-
lines. Moreover, a small amount of haz-
ardous drug has been detected in the
urine of healthcare professionals who
prepare or administer hazardous drugs
even after applying safety protection,
and environmental contamination by
hazardous drugs has been reported in
a survey of patient care surroundings
even when handling guidelines have
been followed.

Despite such conditions, antineoplastic
agents have been prepared on the ward
in Japan, administered using inadequate
safety protection, and disposed of with-
out taking any appropriate measures.
Closed transfer systems such as the
PhaSeal system can reduce such pro-

blems but have not gained widespread
use, primarily because of the high cost.

However, we have a fee structure to
cover the use of a closed transfer system
during the preparation of drugs for a
patient.

In this article, we will examine the
current situation and will attempt to
answer the following questions: why
did healthcare professionals change
their minds regarding the importance
of implementing closed systems, and
how is it possible to obtain coverage for
the use of closed systems in the formu-
lary services of the Japanese insurance
system?

In developing and industrialised coun-
tries alike, efforts to provide healthcare,
including pharmaceutical care, are
facing new challenges. Activities of the
subcommittee of the Japanese Society
of Hospital Pharmacists (JSHP) have
also been challenged by problems of
occupational exposure. The process
used to resolve these issues is described
below.

Process of the Japanese Society
of Hospital Pharmacy work

JSHP established a third subcom-
mittee to study pharmacy practice in
2003. The purpose of this committee
was to devise JSHP guidelines on qual-
ity assurance for pharmacy-prepared
sterile products. The members of this
subcommittee are also members of
the Japanese Society of Oncology
Pharmacy Practitioners. The com-
mittee began to study the problem of
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occupational exposure for hazardous
drugs by the following:

Creation of a network database system
for the core hospital

Establishment of a national network
with Ubiquitous Mobile Infrastructure
(UMIS) for surveillance. The Knowl-
edge Information Collaborating Net-
work (KinCoNet) system enabled the
partitioning of the server into areas of
exclusive use for separated questionnaire
counts. UMIS is a mobile infrastructure
system which enables a mobile phone
to serve as a data input terminal. Two
systems were connected for the network
database and analysed the results from
270 of 375 registered hospitals. The aim
of this system was to understand the
current views of hospital personnel with
regard to the prevention of environmen-
tal exposure to hazardous drugs using
a field survey method. Out of 270 core
hospitals, 183 responded to the ques-
tionnaires within a week. Almost all
hospitals (96.7%) identified that they
needed closed transfer devices such as
the closed system to restrict contami-
nation. However, only 52 (28.4%) were
able to implement these devices because
of the costs associated with the devices.
The majority (85.8%) needed to conduct
a wipe study to clarify the extent of con-
tamination by these drugs. This result
was used to revise health insurance
reimbursement policies for this activity
by the JSHP.

The conduct of several studies into the

exposure to hazardous drugs

1. A pilot study [4] of environmental
and biological monitoring of occu-
pational exposure to cyclophospha-
mide (CP) in two departments. The
purpose of this pilot study was to
verify if CP contamination was a
significant problem in the Japanese
hospital environment. We used a
measure of CP to estimate the extent
and seriousness of environmental
contamination and exposure of staff
caring for patients with haematopoi-
etic cancer. At Nagoya University
Hospital, Nagoya, Japan, in Febru-
ary 2006, two departments, A and B,
were monitored with surface-wipe,
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and urine samples were analysed
using the Sessink method (exposure
control, The Netherlands). Depart-
ment A had a preparation room with
biological safety cabinet (BSC) where
the pharmacists prepared cytotoxic
drugs. Department B did not have a
BSC. Regardless of the use of BSC,
wards were contaminated with CP.
The contamination may be seen
in routine handling because of the
sealing used in CP containers and
administration tubes when discard-
ing them. CP was detected only once
in the urine of a medical doctor who
prepared CP by warming it.

2. A multicenter study [5] for environ-
mental and biological monitoring of
occupational exposure to CPin Japan.
The purpose of this multicentric
study was to clarify the current state
of environmental contamination and
exposure of healthcare professionals
to hazardous drugs at six hospitals
in Japan. Environmental contami-
nation with CP, a hazardous drug
considered to be carcinogenic (WHO
criteria: class I), was investigated
at six hospitals handling this drug.
Wipe and urine examinations were
performed at each facility. As a result
of wipe examination, contamination
with CP was identified at 50% of the

sites. The concentration was high
(CP > 1.00 ng/cm?) in the general
environment in two hospitals and in
the safety cabinet in one hospital. In
the survey for the exposure of staff
to anticancer drugs, 276 samples were
obtained from 41 healthcare profes-
sionals. CP was detected in 90 sam-
ples obtained from 23 subjects. The
amount of exposure varied greatly
between the facilities. The urinary
excretion of CP per subject was
between 2.7-462.8 ng/24 h. The range
of urinary excretion for each hospital
was between 4.6-211.2 ng/24 h.

3. An environmental and biological study
of occupational exposure to CP in the
pharmacy of a Japanese community
hospital designated for the treatment
of cancer [6].

The purpose of this study was to
update the standard operating proce-
dure (SOP) for hazardous drugs estab-
lished by the JSHP and to understand
if it was sufficient to prevent contami-
nation by using a closed system. Apply-
ing the JSHP SOP, the hazardous drug,
CP, was again detected in the urine of
all four compounding pharmacists,
though the mean CP level was reduced
from 165.3 to 47.4 ng/24 h. after the
revision of the SOP. Although there
was no correlation between the amount
of CP compounded and the CP levels
in urine initially, the two values were
significantly correlated after revision
of the SOP (R* = 0.87).

Institution of a measurement system of
CP on business

Wipe and urine studies were conducted
under the supervision of JSHP sub-
committee members. All samples were
measured using a gas chromatogra-
phy-tandem mass spectrometry (GC-
MSMS) system and GC-MS method
and were sent to Exposure Control BV
in The Netherlands under refrigeration
after collection. These studies require
complicated and expensive procedures,
so members of the subcommittee devel-
oped a public—private partnership to
create a new measurement system of
CP. The Kobelco Research Institute,
Japan, orchestrated the joint develop-
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ment of a new method that used liquid
chromatography (LC-MSMS). Using
this system, Japanese International
Society of Oncology Pharmacy Practi-
tioners members reported on the results
and then discussed the implications. The
expense of using a measurement system
was 80 Euros per seven samples for
LC-MSMS.

A proposal to the Ministry of Health,
Labour and Welfare

Two health insurance payment systems
exist: fee for services and the Japanese
Diagnosis Related Groups (DRG) diag-
nosis procedure combination. We cannot
obtain reimbursement for preparations
on the DRG system, although technical
fees for preparation of sterile products
can be billed under both. A hospital
needs to satisfy certain objectives for
facilities in order to obtain reimburse-
ment. These conditions include having
sufficient staffing and a qualified NASA
(National Aeronautics and Space
Administration) as class 100 cabinet.
The fee allows a once-daily preparation
for each patient. The fee for each inpa-
tient is 500 yen/day and for each outpa-
tient is 4,000 yen/day.

The JSHP activities related to the study
and surveillance discussed above resulted
in changes in policy under the health
insurance system. The fee for prepara-
tions using a closed device is Japanese
Yen 500/day. This additional fee has been
in effect since 2010. It is epoch-making
that such a fee was implemented to pro-
tect the safety of health professionals.

www.ppme.eu

Conclusion

Over the past two decades, there has been
a trend for pharmacy practice to move
away from its original focus on supplying
medicine toward a more inclusive focus on
patient care. The role of the pharmacist has
evolved from that of supplier of pharma-
ceutical products towards that of a provider
of patient care. Nevertheless, there has been
little attention to the role of pharmacist as
it relates to occupational risk. The approval
of fees by the Japanese health insurance
system for the use of a closed device for
drug preparation is the first such event in
the world. We would like to encourage the
use of similar systems in other parts of the
international community.
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M Common toxicities of oral
=8 anticancer agents: an overview

Phebe Si, BScPharm (Hons)

Assistant Professor Alexandre Chan, PharmD

Oral anticancer agents have many benefits for patients, but side effects can still arise. In this article, we
review and evaluate the current recommendations for the management of some of the most commonly
observed toxicities among patients using oral anticancer agents.

Introduction

Over the past few years, there has
been an observed paradigm shift in
cancer treatment from parenteral to
oral anticancer drug administration,
see Table 1. This is evidently true as
many of the newly approved anticancer
agents, such as tyrosine kinase inhibi-
tors (TKI), vascular endothelial growth
factor (VEGF) inhibitor, mammalian
target of rapamycin (mTOR) and epi-
dermal growth factor receptor (EGFR)
inhibitors are administered orally. Oral
anticancer treatment offers patients
great convenience and flexibility for
the timing and location of drug admin-
istration, reduced use of healthcare
resources, and, most importantly, a
better quality of life as compared to
parenteral anticancer therapy. Despite
these benefits, regular monitoring
with appointments and blood tests
are still required with oral antican-
cer agents (OAAs), as they are able to
cause adverse side effects which are not
any less severe than parenteral agents.
Furthermore, responsibilities includ-
ing the burden of self-administration,
adverse effect monitoring and report-
ing are now shifted to the patients,
and issues such as non-compliance
may potentially compromise treatment
effectiveness [1].

In this article, we review and evaluate the
current recommendations for the man-
agement of some of the most commonly
observed toxicities among patients using
OAA:s.

Myelosuppression
Myelosuppression is inarguably the most
disturbing toxicity of OAAs. A number
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of cytotoxics, such as cyclophosphamide,
melphalan, procarbazine, capecitabine,
hydroxyurea, methotrexate, capecitabine,
temozolamide, vinorelbine, and targeted
therapies including sunitinib, sorafenib,
imatinib and everolimus may cause
myelosuppression, including anaemia,
thrombocytopaenia and neutropaenia
among patients. Bone marrow suppres-
sion is generally dose-dependent and
may occur within one week of treatment
initiation [2]. Delayed myelosuppression,
however, has been
observed with cer-
tain agents such as

Clinical manifestations of chemotherapy-
induced thrombocytopaenia  include
petechiae, bruising, ecchymoses, epistaxis,
bleeding from mucous membranes and
severe  purpura. Thrombocytopaenia
increases risk of bleeding which can poten-
tially be fatal. However, spontaneous bleed-
ing rarely occurs unless platelet counts
drop below 20,000 cells/uL. Management
is usually supportive but platelet transfu-
sions may be considered for prevention or
treatment of bleeding episodes [2].

Table 1: Oral anticancer agents

lomustine (3] Traditional cytotoxic agents

Anaemia in cancer |Altretamine Fludarabine Terpozolamide
patients is  usu- Busulfan . Hydroxyurea Thioguanine
ally multi-factorial. Capemtabmg Lomustine Topotecan
OAAs can cause |Chlorambucil . Melphalan . TS-1
anaemia  through Cyclophos.phamlde Mercaptopurine U.FT .
directly  impairing Estram}lstlne Methotrex.ate Vinorelbine
haematopoiesis  in Etoposide Procarbazine

the bone marrow or | Targeted therapies

indirectly  through

decreased eryth- |Dasatinib Lapatinib Sunitinib
ropoietin  produc- |Erlotinib Lenalidomide Pazopanib
tion by the kidney. |Everolimus Nilotinib Thalidomide
Effects accumulate |Gefitinib Sorefanib

over repeated cycles |Imatinib Sirolimus

of therapy. Anae.:rma Hormonal agents

may cause consider-

able fatigue but can | Aminogluthethimide Flutamide Raloxifene
be managed by iron | Anastrazole Letrozole Tamoxifen
support, useof eryth- | Bicaltumide Medroxypro- Toremifene
ropoietin stimulating | Diethylstilbestrol gestrone

agents or packed |Exemestane Megestrol

red blood cell trans-

fusions  depending |Others

on _the 1nd1V1dua.11s Azathioprine Isotretinoin Vorinostat
symptoms and risk Bexarotene Tretinoin

factors [4].
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Neutropaenia may result in the suppres-
sion of the immune system and impairs
the patients’ ability to fight infections.
Concomitant  corticosteroids  may
also further weaken the immune sys-
tem. Thus, close monitoring of these
patients is necessary. Febrile neutro-
paenia is an oncologic emergency and
immediate recognition and treatment
is vital. Patients should be advised to
maintain good hygiene by frequent
hand washing, avoidance of uncooked
foods, contact with fresh flowers/live
plants, sick people or crowded areas
wherever possible. Proper advice to
seek prompt medical attention if signs
and symptoms of infection such as
fever, sore throat and ulcers are present
should be emphasised such that timely
intervention can be administered if
needed. Use of granulocyte colony sim-
ulating factors may reduce the duration
and severity of neutropaenia and can
be used prophylactically or as rescue
therapy [2]. Prophylactic therapy may
sometimes be necessary to defray the
risk of opportunistic infections, such as
pneumocystis carinii pneumonia (PCP),
candidiasis, aspergillosis and reactiva-
tion of tuberculosis or hepatitis because
the patient’s immune system can be
suppressed to a critically low level. PCP
prophylaxis is mandated for all patients
throughout the concomitant admin-
istration of temozolamide and radio-
therapy during the 42-day regimen for
newly diagnosed high grade glioma [5].
In addition, abstention from live vac-
cine usage during chemotherapy may
also be required.

Oral mucositis

Cells in the oral cavity are subjected
daily to external forces and inherently
have a very high turnover. OAAs may
affect these cells, resulting in mucosi-
tis. Certain OAAs, such as meth-
otrexate and etoposide, are known
to be excreted in the saliva and cause
mucositis among cancer patients [6].
mTOR inhibitor associated stomati-
tis has also been coined to describe
oral aphthous-like ulcer development
that is associated with sirolimus and
everolimus usage [7]. Although typi-
cally self-limiting, mucositis must be

properly managed as infectious com-
plications may arise. Pain resulting
from oral mucositis can also lead to a
decreased oral intake, potentially lead-
ing to poor nutrition and dehydration.
Treatment goals include the reduction
of severity and duration of symptoms,
relief of discomfort and prevention of
infection until recovery. Prevention of
mucositis through the maintenance
of good oral hygiene is essential and
options such as oral debridement and
decontamination, lubrication with var-
ious available preparations and topical
and systemic pain relief form an inte-
gral part of treatment management
[8]. Patients should also be advised
to avoid foods that may irritate the
damaged mucosal lining such as hot,
spicy, coarse or rough textured foods
and foods containing citric acid/juices,
alcohol or tobacco [6].

Diarrhoea

Diarrhoea is the dose-limiting and
major toxicity of regimens containing
fluoropyrimidines [9]. Capecitabine,
the oral pro-drug of 5FU is commonly
used in metastatic breast and colorec-
tal cancers and has a high incidence of
diarrhoea. The incidence of diarrhoea

with targeted agents is also rather high,
ranging from 19% with everolimus use
to 79% with imatinib use [10]. However,
diarrhoea caused by OAAs is usually
self-limiting over the first few days of
treatment, and seldom warrants hospi-
talisation. Patients should be advised to
prevent dehydration by adequate clear
fluid intake and to avoid dietary trig-
gers such as spicy foods, alcohol, caf-
feinated drinks such as tea and coffee,
milk and dairy products or high fibre
foods. Anti-diarrhoeal medication such
as loperamide 4 mg at first bowel move-
ment followed by 2 mg after each loose
stool, up to a maximum of 16 mg/day
and lomotil (diphenoxylate 2.5 mg,
atropine 0.025 mg) two tablets up to
four times a day may be prescribed if
necessary [11].

Nausea and vomiting

Nausea and vomiting is another gas-
trointestinal side effect that is commonly
associated with OAAs. Management is
especially important for OAAs as inade-
quate control can affect delivery of accu-
rate dose and lead to decreased treatment
adherence affecting treatment outcomes
and the patients’ quality of life. Man-
agement is similar to that of parenteral
anticancer agents. Common non-phar-
macologic interventions include diet
changes such as starting with bland
foods, eating small but frequent meals
and avoidance of foods which may serve
as triggers such as caffeine, alcohol,
spicy, greasy or foods with strong odors.
The National Comprehensive Cancer
Network 2011 guidelines on antiemesis
recommends antiemetic prophylaxis for
moderate to high emetic risk OAAs (such
as temozolamide, procarbazine high dose
cyclophosphamide (= 100 mg/m*day),
busulfan (= 4 mg/day), etoposide, single
day lomustine, estramustine and altreta-
mine) with oral 5-HT3 antagonists (dola-
setron/granisetron/ondansetron) before
chemotherapy initiation and then on an
as needed basis. Prevention of nausea
and vomiting for low/minimal emetic
risk OAAs (for most targeted agents) can
be achieved through the use of metoclo-
pramide, prochloperazine or haloperidol
before chemotherapy and then on an as
needed basis [12].
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Dermatological toxicities
A number of dermatological toxicities,
such as rashes, pruritis, paronychia and
xerosis, are commonly observed with
newly approved targeted therapies, such
as the epidermal growth factor recep-
tor (EGFR) inhibitors. The EGFR is a
transmembrane glycoprotein commonly
expressed on many normal cells of epi-
dermal origin such as the epidermis,
sebaceous glands and hair follicular epi-
thelium. It serves to maintain normal skin
health, cell growth and proliferation. Thus,
due to their mechanism of action, EGFR
inhibitors such as gefitinib and erlotinib
are associated with such dermatological
toxicities and sometimes dose-limiting
dermatologic/cutaneous toxicity. This dis-
tinctive toxicity occurs in approximately
two-thirds of patients treated with EGFR
inhibitors, with about 10% requiring
dose interruptions or reductions.
However, the presence of EGFR
inhibitor rash is not a contrain-
dication to use and seldom war-
rants treatment discontinuation.
EGFR inhibitor rash has also

been postulated to be related to

clinical antitumor activity and

may possibly be used prognosti-

cally to gauge patient’s response
to chemotherapy [13].

The clinical course of EGFR
inhibitor mediated rash has been
well characterised, with sensory dis-
turbances of erythema and oedema in
the first treatment week, developing
further to papulopastular eruption in
weeks one to three, leading up to crust-
ing in week four [14]. Rash prevention
strategies may improve over time and
can generally be managed effectively
with the use of topical agents such as
emollients, steroids, moisturisers, anti-
biotic creams/gels and seldom require
escalation to use of oral antibiotics
such as doxycycline/tetracycline. How-
ever, erythema and dry skin may persist
for up to six weeks [15].

Hand—foot syndrome, or palmar-plantar
erythrodysesthesia (PPE) is a serious
dose-limiting toxicity with capecitabine
use. Severe reactions may warrant treat-
ment interruptions, dose reductions or
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even discontinuation. Targeted agents
such as sunitinib and sorafenib are also
known to cause PPE. Therapies such
as the use of pyridoxine or vitamin B6,
nicotine patch, vitamin E, topical emol-
lients/creams and corticosteroids have
been reported in the literature. However,
well designed clinical trials are currently
lacking [16].

Hot flushes

A prevalent and frequently bothersome
side effect with these hormonal agents
that may even require treatment altera-
tion or cessation in patients is hot flushes.
These are recurring, transient episodes
of flushing and sweating, with a sensa-

tion of heat, oftentimes accompanied by
palpitation or anxiety, and sometimes
followed by chills, similar to menopausal
symptoms. The pathophysiology has not
been fully elucidated, but is thought to
be due to a central nervous system anti-
oestrogenic effect causing thermoregula-
tory dysfunction [17].

Management options include the use of
antidepressants, lifestyle interventions
to keep core body temperature low by
dressing in layers, use of cotton cloth-
ing/beddings, drinking cold water, stay-
ing in an air-conditioned room, taking
cold shower and identifying and avoid-
ing triggers such as spicy food, smoking,

alcohol, and caffeine. Venlafaxine and
paroxetine have been widely studied,
and were shown to reduce hot flashes by
more than 50%. Doses should be titrated
up or downward very slowly and effects
from antidepressant therapy are usually
seen in two weeks, if not, switching to
another agent can be considered. How-
ever, it is important to note that that the
concurrent use of potent CYP2D6 inhib-
itors such as paroxetine and fluoxetine
may reduce the formation of highly anti-
oestrogenic active tamoxifen metabolites
4-hydroxy-tamoxifen and 4-hydroxy-N-
desmethyl-tamoxifen (endoxifen) and
thus blunt the clinical effectiveness of
tamoxifen, potentially resulting in
decreased disease/progression-free sur-
vival, increased recurrences, and non
response to therapy. Clinicians should

avoid using agents that may potentially

interact with antidepressants [17].

Bone disease

Bone disease is also a major
concern with some OAAs.
Osteoporosis and bone loss
increases risk of fractures and
skeletal-related  events and
thus mortality and morbidity.
Aromatase inhibitors (anas-
trozole, letrozole and exemas-
tane) induced bone loss is a well
established phenomenon and may
be exacerbated by other breast can-
cer treatments such as ovarian abla-
tion chemotherapy, steroid use, surgical
oophrectomy and gonadotropin-releasing
hormone agonists. However, this may be
reversible upon treatment cessation. Risk
factor evaluation before treatment initia-
tion is therefore recommended. Lifestyle
changes such as dietary modification,
regular exercise, fall prevention, avoid-
ance of excessive alcohol intake, smok-
ing cessation, and adequate calcium and
vitamin D supplementation should be
considered as appropriate in all patients
[18]. Bisphosphonate therapy is a main-
stay of therapy for osteoporotic patients,
but adverse effects may include hypocal-

caemia and osteonecrosis of the jaw.

Venous thromboembolic events
Another significant side effect with some
of these hormonal agents is the risk of
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venous thromboembolic events (VTEs)
such as deep vein thrombosis and pul-
monary embolism. Tamoxifen is associ-
ated with a significantly increased risk
of VTE [19]. With high dose diethyl-
stilbestrol use, some clinicians may even
choose to prescribe concurrent prophy-
lactic aspirin therapy as it is associated
with high cardiovascular toxicity and
mortality. Multiple myeloma regimens
combining lenalidomide/thalidomide with
dexamethasone have also been reported
to be associated with a significant
increase in the incidence of VTE. Clini-
cians should be aware of the significant
additional procoagulant effects of these
agents, especially when used in con-
junction with parenteral chemotherapy.
Patients should be informed about these
risks and instructed to seek immediate
medical attention if any of these symp-
toms present themselves.

Secondary malignancies

Drugs used to treat cancer are usually
cytotoxic, teratogenic, and may also have
the ability to cause secondary cancer
(carcinogenic) through genotoxicity or
other means. Even the non-cytotoxic
hormonal agent tamoxifen has been
shown in studies to increase the risk of
endometrial cancer [19]. As such, safe
handling of even oral cytotoxics through
the use of the ‘no touch’ handling tech-
nique and emphasis on swallowing tab-
lets whole, prohibiting any crushing
and chewing to prevent aerosolisation is
essential to protect patients, their care-
givers, and the environment [20].

Conclusion

OAAs are used globally in clinical prac-
tice for the management of various
malignancies. However, they may also
cause a variety of serious toxicities and
adverse effects, which require support-
ive care management from healthcare

www.ppme.eu

professionals. Healthcare professionals
should be vigilant and monitor patients
closely when they are using OAAs.
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Safe dispensing of oral chemotherapy |

Robert McLauchlan, BScPharm (Hons)

Oral chemotherapy presents a new challenge for hospital pharmacists in terms of patient safety and opti-
mising patient care. It should be subject to the same rigorous checks as parenteral therapy. This article
describes specific safety measures implemented at a major Australian teaching hospital.

Background

While some forms of oral chemotherapy
have been available for decades, there
has been rapid growth in the use of oral
anticancer agents in recent years. This
increase in the use of the oral route has
occurred more quickly than many health-
care providers have been able to imple-
ment a stringent system of checking and
monitoring such as exists for parenteral
therapy. In most institutions each dose of
parenteral chemotherapy is reviewed by
more than one health professional prior
to administration, body surface area and
dose calculations are routinely checked
by pharmacists; and written protocols
and regimens are available. However,
these safeguards are not yet widely in
place for oral chemotherapy.

One of the primary drivers for the increase
in the popularity of oral chemotherapy is
patient preference, and it has been esti-
mated that 90% of patients would choose
oral treatment over IV chemotherapy [1].
However, not all patients are suitable can-
didates for oral chemotherapy and there
must be a careful selection process in
place. Many patients are under the mis-
taken impression that oral chemotherapy
is somehow less toxic and safer than IV
treatment, and pharmacists are in a posi-
tion to help correct this misconception.
The use of oral chemotherapy shifts
much of the responsibility from oncology
healthcare professionals back to patients
and caregivers, and should be offered
only to highly motivated patients capable
of understanding and following the
sometimes complicated, cyclical regimens
involved [2, 3]. Patients need to be edu-
cated in the management of expected side
effects and must understand very clearly
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when they should seek medical advice.
The decision to proceed with oral therapy
requires multidisciplinary involvement of
the healthcare team and ongoing support
over the duration of therapy.

Hospital pharmacists have a vital role
to play in managing the provision of
oral chemotherapy by ensuring all the
required checking procedures are in

place and that patients are fully educated
about the chemotherapy regimen they
are receiving.

Medication errors

There are numerous reports in the lite-
rature of prescribing, dispensing and
administration errors involving oral
chemotherapy, many of which have
resulted in very serious outcomes [4-6].
A number of factors contribute to the
likelihood of errors occurring with oral
chemotherapy.

These include:

* misconceptions about oral chemo-
therapy

e complex, intermittent regimens

 confusing abbreviations and
acronyms

* less direct supervision than parenteral
chemotherapy

* lack of a comprehensive checking
routine

* limited information available to
pharmacy

* large variation in dosage making
error detection difficult

* non-specialist pharmacists dispensing
oral chemotherapy

* supply of excessive quantities

 inadequate patient education

¢ lack of multidisciplinary care.

Published recommendations

A number of organisations have pub-
lished guidance on the use of oral chemo-
therapy [7-10]. Some common themes of
these recommendations include phar-
macists having access to relevant clini-
cal information and treatment plans, the
provision of information and education
to patients, and limiting the quantities
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of oral chemotherapy supplied at any
one time. Based on this published data,
we set out in our pharmacy department
at Austin Health to develop a policy
and procedure on the provision of oral
chemotherapy.

Supply of oral chemotherapy at
Austin Health

The supply of oral chemotherapy at
Austin Health occurs from the general
outpatient dispensary and is largely
handled by non-specialist pharmacists.
Our department pharmacists (55
in total) were surveyed about their
attitudes towards dispensing oral
chemotherapy. When asked to rate
their confidence on a numerical
analogue scale from 0 to 10, 64%
gave themselves a score of 5 or less
(indicating they were not confident)
despite 54% of respondents having
dispensed some oral chemotherapy
in the preceding month. When
asked about educational resources
and requirements, 100% of those
surveyed stated that it was impor-
tant for the department to develop
resources and provide some form
of education on oral chemotherapy
and 82% stated that they would be
interested in participating in any
credentialling programme offered.
The aspects respondents rated
most important in an education
programme were information on
the chemotherapy regimens, side
effect management, interpretation
of laboratory results pertaining to
chemotherapy, and effective coun-
selling skills.

Development of departmental
policy on oral chemotherapy

A small group, including two experienced
oncology pharmacists, was established to
develop a policy for the department. The
first step in the process was to decide
which drugs would be included. A risk
stratification and scoring system was
developed based on a number of crite-
ria. The higher the score, the higher the
assumed risk. For example, agents score
more highly if treatment is cyclical; if
combination therapy is used; if the drug
is being used for non-marketed indica-

tions; if there are unique toxicities to be
managed; and if specific supportive care
agents need to be co-prescribed. A total
of 17 drugs were included in our policy
including cytotoxics, immunomodula-
tors and tyrosine kinase inhibitors. In
line with published standards, the policy
applies only when these agents are sup-
plied to cancer patients [9].

Key features of the policy
The key features of the oral chemo-
therapy policy include:

1. Pharmacist only handling

Only pharmacists are involved in the
handling of oral chemotherapy prescrip-
tions. Pharmacy technicians, pharmacy
interns and students are not permitted
to deal with any aspect of these pre-
scriptions. This includes receiving the
prescription, dispensing, checking, coun-
selling and any interaction with pre-
scribers and patients.

2. Mandatory check of relevant patient
laboratory parameters

Prior to the supply of a cycle of oral
chemotherapy, the dispensing pharma-

cist must check that all relevant labora-
tory results are appropriate. This includes
review of the full blood examination and
indicators of renal and hepatic function.

3. Supply of enough medication for one
treatment cycle only

A number of the reported cases of medi-
cation misadventure with oral chemo-
therapy have occurred because patients
have been given excess quantities of
medication. Often the government
funded/reimbursed quantity is far more
than is required by the patient
until their next review. For cycli-
cal therapy, patients are provided
with just the precise number of
tablets or capsules to complete
one course of therapy. For contin-
uous therapy, enough medication
may be provided to last until the
patients next scheduled clinic visit
if appropriate.

4. Inclusion of cycle start and stop
dates, and rest period on dispensing
label

For cyclical therapies, the date
that the cycle is due to begin and
end needs to be printed on the
label of the dispensed medicine,
together with any regimen specific
rest period which follows the active
treatment.

5. Documented provision of verbal
and written patient information
Patients must be adequately edu-
cated about their therapy, and this
includes the provision of both ver-
bal and written information. The
dispensing pharmacist must record that
this education has been completed, must
document what written information has
been provided, and must record who the
information was provided to (patient
and/or carer) and also that a check of
the patient’s understanding has been car-
ried out.

6. Check by a second independent
pharmacist

Once dispensing is complete, a second
pharmacist checks the accuracy of the
dispensing, and checks that all of the
mandated requirements have been met.
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7. Completion of checklist for each
dispensing episode

For each dispensing a checklist is fol-
lowed and completed and signed by both
the dispensing and the checking phar-
macist. The purpose of the checklist is
to ensure that all the appropriate steps
have been taken in the dispensing proc-
ess, and forces all pharmacists to follow
procedures employed by an experienced
oncology pharmacist. Once completed,
the checklist is image scanned together
with a copy of the prescription form,
making it extremely easy to retrieve if
required.

Pharmacist printed resources

In conjunction with the oral chemo-
therapy policy and checklist, some
resources have been developed for use
by staff pharmacists. For frequently
used regimens, this includes both a regi-
men resource and practice points for
the dispensing pharmacist. The regimen
pages include information on the indica-
tion, drugs, doses, rest periods and cycle
frequency. The practice points contain
valuable information for pharmacists
including significant drug interactions,
dose modification recommendations,
anticipated toxicities, supportive care
medications to be co-prescribed, and
the counselling to be covered with the
patient.

Education and training

Staff who regularly work in the phar-
macy dispensaries were educated about
the policy and the completion of the
checklist. An experienced oncology
pharmacist explained the requirements,
and trained staff in the basic interpre-
tation of laboratory tests, supportive
care issues, and the management of side
effects.
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Outcomes

The implementation of this policy at
our institution has been well accepted
by pharmacy staff. An audit conducted
three months after the introduction of
these procedures indicated a 95% com-
pliance rate with the completion of the
oral chemotherapy checklist. Computer
dispensing records revealed that start
and stop dates and rest periods were
included on more than 80% of dispens-
ing labels. Initially there were concerns
over patient waiting times, with an
expectation that patients would have to
wait significantly longer for the phar-
macy to prepare their medications. An
audit conducted three months before
and three months after the implementa-
tion of the new policy showed that at one
hospital, campus (A) waiting times had
increased from an average of 27 minutes
to 42 minutes, an increase of 15 minutes.
At our second campus (B) there was no
difference in waiting times before and
after adherence to the oral chemotherapy
policy. One reason for the difference in
the waiting times at the two campuses
may be the availability of an experienced
oncology trained pharmacist who works
regularly in the general dispensary at one
hospital.

Conclusion
An oral chemotherapy policy and
procedure has been successfully

implemented at Austin Health and
compliance with the requirements con-
tained in the document is extremely
high. The 15-minute increase in wait-
ing time at campus (A) is considered
acceptable in view of the potential
reduction in medication errors and
enhanced patient safety. Further work
in this area needs to address if the
implementation of this practice guide-

line has reduced the error rate and the
incidence of medication misadventure.
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